The precautionary approach of the Cartagena Protocol on Biosafety, if incorporated into legislation of countries as a precautionary principle (PP), could cause great difficulty in decision-making on genetically modified organisms. No consensus seems to be possible on the interpretation of the PP, as responsibility often is passed on to political decision-making and, eventually, to court rulings. A case study on the assessment of possible unintended effects of endogenous allergens illustrates the complexity decision-makers may experience. We review the descriptions of the PP and the debate on the interpretation and conclusions that a number of authors have come to, as a step closer to a solution in decision-making. South Africa may have to consider the PP in the broader context of its food security needs, which would require improved communication as an additional step in the process of risk analysis.
Introduction

Food safety assessment of GM crops
The Codex Alimentarius Commission, a body under the joint auspices of the Food and Agriculture Organization and the World Health Organization, played a prominent role in the development of guidelines for the risk and safety assessment of food products from GMOs. 16 These guidelines outline the safety and risk assessment of food from GMOs in a precautionary way by proposing the steps to be taken in the assessment. Substantial equivalence, a concept mentioned in the Codex guidelines, was previously mistaken as the endpoint of the assessment. The concept has been replaced by an improved description of the approach for safety and risk assessment, which involves a comparative analysis of the composition and of the phenotype. 17, 18 This approach is preferred as animal toxicity studies would be difficult because of the complex nature of food compared with chemical molecules such as pesticides. Molecular characterisation is included in this starting point of the assessment to identify hazards. The composition of the edible parts of the genetically modified crop is compared with those of its near-isoline with a history of safe use. A broad range of parameters (macro-and micronutrients, antinutrients, toxicants and secondary compounds) is considered in the comparative analysis. Safety assessments of intended changes and of unintended significant differences are the next step in the safety assessment. Differences need not necessarily be unintended effects of genetic modification, but can be caused by slightly different genetic backgrounds or environmental effects. Compositional safety is considered in the context of the normal composition of the crop by including a number of commercial non-GM crops in the trials that are conducted across several environments. Safety is informed by considering the normal array of compound levels present in crops that have a history of safe consumption 19 including the antinutrients, toxicants and endogenous allergens of the crop. The nutritional value of the crops is an important consideration in the assessment. Endogenous allergens had not received serious attention from regulatory authorities until recently. 20 
South African precautionary approach to GMOs
The establishment in South Africa of SAGENE (South African Committee for Genetic Experimentation) 21 in 1978 is evidence of the environmental and human health concerns of scientists when progressing with a new technology such as genetic engineering (also known as genetic modification or modern biotechnology). The need for a precautionary approach to possible environmental threats and concern for human health is illustrated by several South African laws. A precautionary approach in managing risks is included, for example, in the two South African environmental management Acts, 22, 23 which provide for 'a cautious approach which takes into account the limits of current knowledge about the consequences of decisions and actions'. The Genetically Modified Organisms Act of 1997, as amended, incorporates the requirements of the Cartagena Protocol on Biosafety (CPB), and, in the regulations to the Act, requirements are described for the protection of human health and the environment against possible risk from GMOs. 24 No mention is made of cost/benefit or risk/benefit, or proportionality of risk in applying the PP, 24(p.3) although the GMO Act does refer to 'socio-economic impact', with the implication that an impact could be positive or negative.
South Africa has published a number of guiding documents. However, different South African government departments represented on the GMO Council apparently hold different positions. The absence of specific policies is obvious in the recent mandatory GMO labelling requirements in which regulations were promulgated by the Department of Trade and Industry 25 without consideration of existing GMO labelling regulations of the Department of Health. The Department of Environmental Affairs, in its 'framework' 26 , refers to 'null risk', 'avoid' and 'prevent', which describe precaution at its extreme, whereas other government departments do not seem to have any specific interpretation of the GMO Act in terms of their mandate.
There seems to be a need for policy and guidance on matters such as the PP, new breeding technologies and dealing with possible unintended effects from endogenous allergens. The new strategy on bio-economy is a step in the right direction to address national policies.
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The precautionary principle
Cartagena Protocol on Biosafety
Against the background to risk assessment and the decisions with which regulatory authorities are confronted when dealing with genetic modification of crops, an understanding of the PP is important.
A precautionary approach was originally developed to provide risk managers with a tool for making decisions on environmental threats from processes or substances that had not undergone safety evaluation or regulatory approval. 28 Cooney 29 has summarised the history of the development that resulted in a number of international agreements.
The CPB 30 is one of a number of important agreements among nations to consider possible harm to the environment and human health. It requires countries to introduce measures to safely manage transboundary movement of living modified organisms. Countries that became signatories to the CPB were expected to incorporate the CPB into legislation and to adhere to the requirements for environmental safety and human health. A precautionary approach in consideration of risks, articulated in the CPB as well as in other international agreements and environmental law, is the cause of ongoing debates on the interpretation and implementation of precaution. 29 The PP was first incorporated into the World Trade Organization's (WTO) Agreement on Sanitary and Phytosanitary Measures (SPS Agreement) in 1994. 31 Article 5.7 makes it possible to obtain additional information within 'a reasonable period of time' 31(p.72) when existing information is inadequate, whereas Article 3.3 allows for more stringent protection than relevant international standards, if there is 'scientific justification' 31(p.70) . The Codex standards are accepted by WTO as references.
Many debates seem to have ignored the fact that the point of departure in assessing biosafety of living modified organisms is determined in Article 4 of the CPB. The focus of the Protocol is on LMOs [living modified organisms] that may have adverse effects on biodiversity as well as risks to human health (Article 1) 30(p.3) and 'risk assessments shall be carried out in a scientifically sound manner' (Annex III, para 3) 30(p.28) . Furthermore, the directive for application of a precautionary approach has been set in Principle 15 of the Rio Declaration, 32 namely, 'Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation' 32(p.2) . Neither of these approaches demands that all applications of biotechnology or of genetic modification must undergo extensive assessments to comply with the precautionary approach and neither implies that biotechnologies are inherently unsafe. The interpretation of the requirements of the CPB in many aspects has been debated for a number of years. Some of the implementation procedures seem not to be in proportion to the risk or a cost/benefit analysis; for example, the need for milling GMO commodities such as maize in the Southern Africa Development Community.
A principle or an approach?
Legislating GMOs by pre-market regulatory requirements for risk assessment and by managing risks at the different steps of the development and production of GM crops are precautionary measures. On the other hand, the 'precautionary approach' as applied according to the CPB, intends to address uncertainties that occur in risk assessment. 'Precaution' is generally recognised -not as a hypothesis, theory or methodological rule -but as a normative principle for making practical decisions under conditions of scientific uncertainty. 33 A normative principle implies obligations to 'anticipate harm and moral obligations in judging the adequacy of available knowledge' 34(p.263) . 'Normative' is defined in the Collins English Dictionary as (1) Implying, creating, or prescribing a norm or standard, as in language: normative grammar; (2) Expressing value judgements or prescriptions as contrasted with stating facts. 35 In teaching of religion, distinction is very broadly made between the 'regulative principle' of worship meaning binding in exact accordance to the Holy Scripture, whereas 'normative principle' of worship in general means nonbinding.
The implementation of the PP 'requires different normative commitments and choices' 37(p.2) . Ahteensuu describes the PP as a principle of 'practical decision-making which may be justified on the basis of ethical and socio-political grounds and/or as a form of rational action' 37(p.2) . The obligatory nature of this normative principle has resulted in more than policy design criteria, but becomes a 'regulatory philosophy' 38(p.23) when included in legislation, which, in turn, has to be interpreted by regulators. Von Schomberg 39 explains the normative challenges for application and implementation of the PP. The scope of PP deliberations stretches across broad political debate, policy level (political and societal), science-policy interface and risk management.
Authors such as Recuerda 40(p.5) analysed the legal interpretations of the US versus the European system. The conclusion was that 'principle' had the connotation of legal language, of law, a 'principle of law', which is the status of the PP in Europe, whereas the USA considers it an approach with no legal connotation. The English language version of the CPB 30 uses the word 'approach', French 'l'approche de précaution', German 'Vorsichtprinzip' and Spanish 'principio'. It seems that the words 'approach' and 'principle' are used without clear distinction in different languages.
The precautionary approach is recognised as a precautionary principle when included in legislation with obligations, as explained by authors such as Levidow et al. 34 and Löfstedt 38 . Cooney 29 reasoned that the PP would not determine a specific outcome or decision, unless a specific formulation required it. Therefore, the terms 'precautionary approach' and 'precautionary principle' were used interchangeably. The PP nomenclature is followed in this paper.
Definitions
A normative principle may be interpreted in various ways. This multi-interpretation is illustrated by about 19 definitions of the PP (Table 1 ). Central to the PP is the obligation of action to reduce harm to the environment and human health, and the moral obligation that action be taken even if scientific evidence is inconclusive. These obligations are formulated in different ways -strong 'obligatory' versions and weak 'optional' versions ( Table 2 ). The strong form of the PP, for example the Wingspread Statement (1998), is advocated by Greenpeace 41 and UNESCO-COMEST 42 , while an example of a weak form is included in the Rio Declaration. The difference between weak and strong precaution lies mainly in the greater emphasis on risk avoidance, provision of safety and the obligation to take safety measures. Variations in the scope of 'precaution' from narrow to broader accounts are reflected in (1) prior risk assessment, (2) what triggers the use of the PP and (3) the scope of action. 7, 34, 43 Core of the debate on the precautionary principle As threats to health and the environment become more complex, uncertain and global in nature, the PP is increasingly being debated. 45 Cognisance has to be taken of the debate. At the core of the debate on the PP is the degree of scientific uncertainty in risk assessment and what decisions should be made by managers in the face of uncertainty, when to apply precaution, and what precautionary measures should be taken to achieve certain levels of protection. 46 Klinke and Renn 47 identified five major noteworthy themes in this debate. These themes can be grouped into two very closely related issues: how risks are perceived by different people and how regulatory authorities deal with these risks.
Perception of risks and evaluation of uncertainties
There are two camps on the perception and evaluation of risks. One claims that risks are mental constructs that originate in human minds and are only real within a specific group of people. The opposing camp argues that technical estimates of risks are true representations of observable hazards and that the effect is predictable, regardless of the analyst's beliefs. In between these two viewpoints are those who believe that a combination of the two is more realistic. The concept of 'sound science' that is included in international agreements and guidelines 16, 30, 49 is being challenged. It is questioned 7, 34, 43, 50 whether scientists can conduct objective analyses of risks because they interpret information according to their scientific knowledge and values. Anti-commercial sentiment is also often observed in literature on the PP, by remarks on the integrity and independence of scientists, the regulators' public accountability and those with 'financial stake in scientific development' 51(p.376) .
Charnley 52 , former president of the Society for Risk Analysis, has it that risk analysis is 'threatened by a serious, growing, anti-risk analysis sentiment that is challenging the legitimacy of science in general, and risk analysis in particular' 52(p.3) . Scientists and managers receive blame for many 'risky' incidents, although there is perhaps an implication here that the PP replaces risk assessment. Berry 53 59 resulting in a gap in knowledge transfer to the public at large, while some sensational media contributions have led to misguided public perceptions. The debate also focuses on the legitimate role of public deliberations in risk analysis and management. The International Risk Governance Council's position on values is that all dimensions of risk, both the factual and the socio-cultural 60(p.12) , need to be considered.
The 'contextual variables of risk' as they affect perceptions of consumers are important. 47(p.1077) One of the many issues is trust in regulatory agencies and risk handling, often described as credibility. 38 
The debate in perspective
Risk is a societal construct as well as a physical reality. 49 Results from the continued debate are observed in changes in the process of risk analysis, the critical assessment of approaches to risk assessment and proposals for improved structured communication. 61 Some valid arguments have been raised. Inclusion of public concern/social criteria needs further research. The inclusion of sociological issues in decision-making is anything but simple. There are many aspects -such as cultural differences, country needs, human nature, philosophies, religions and political issues -to take into account.
Analysis of the precautionary principle and its application
Critique of the precautionary principle Vlek 58 groups the multiple criticisms of the PP into ten objections. Some of the objections are that: the PP is vague and broadly ambitious 62 ; serious or irreversible harm is ill defined 62, 63 ; it is dependent on plausibility reasoning 64 ; it is a policy of risk avoidance 65 ; it is too absolute and obligatory, thereby blocking or slowing down technology innovation and progress 66 ; it demands 'impossible' proof of safety; identifying the nature and likelihood of possible serious harm may yield high costs of safety tests and long delays in relevant policy decisions 67 ; and it can be misused by powerful interest groups 51 .
Vlek's 58(p.533) conclusion was that the PP has 'an unusually protective inclination towards foregoing an activity or imposing strict(er) safety measures upon it, both of which are induced by large uncertainty about possible disastrous consequences'. Accounts of the precautionary principle 7, 34 Narrow accounts Broad accounts
Prior risk assessment
The burden of evidence is inherently shifted from demonstrating risk to demonstrating safety
The burden of evidence depends on the questions asked: asking the right questions needs stakeholder involvement
Trigger for precautionary principle
The precautionary principle can be triggered only by an objective scientific evaluation, indicating reasonable grounds to expect potentially dangerous effects (or established scientific uncertainty)
The precautionary principle can be triggered also by initial suspicions about risk. The precautionary principle can justify measures to control undesirable effects (including potentially dangerous ones)
Scope of action
Analyse policy: regulatory action versus inaction e.g. through a costbenefit analysis
Provide the means to demonstrate that alternative solutions are less harmful. The debate also includes evaluation of uncertainty in risk assessment, the validity of animal models 54 , variability in data 19 and lack of sufficient knowledge 47 . Approaches to assessment of GMOs, for example the substantial equivalence, and concepts of familiarity and 'history of safe use' have been criticised as pseudoscience. 55 As an alternative, a 'holistic' approach is advocated by some. [55] [56] [57] Instead of gaining more knowledge about uncertainties, alternative management strategies could be proposed -for example, human interventions that are manageable. 47 Additional and more stringent control to the point of embargos or refusal to avoid any risk as a precautionary measure might be detrimental to progress. Steering direction is difficult in these situations without clear policies at every level of decision-making.
There is no well-established classification of uncertainty in risk assessment. 47 Renn and Klinke 48 have described six groups of risks named from Greek mythology. They grouped GMO technology with disintegrating polar ice sheets because of uncertainty in both probability of occurrence and extent of damage. 48 Vlek 58 grouped GMOs with risks such as the AIDS epidemic as a 'diffuse source' with the potential risk of long-term and extensive effects. Risks associated with conventional agricultural plant breeding are not mentioned; neither are far less precise techniques such as induced-mutation breeding in which plants or seeds are exposed to ionising radiation for which regulatory control does not exist or is more lenient than that for GMOs.
Public interest
Public perception on how uncertainty in risk assessment is handled is a valid issue to some 47 and engagement of interested and affected parties in appraisal is also a matter of scientific rigour 7 . In a survey on people's opinions on some scientific issues in the UK, some responded that most ; for example, (1) substantive issues such as determining the plausibility, nature and seriousness of possible harm or damage and (2) procedural issues, for instance optional versus obligatory precaution, and the need for further research and policy development. These problems are also described as factors triggering recourse, which is the decision to act or not to act, and the measures on how to act.
•
The PP applies to serious uncertain risks or threats; it is inclined to be unusually protective or even preventative; the proponent has a large burden of demonstrating the likelihood of safety; and there is the tendency to delay risk-taking until sufficient new information becomes available. 58, 74 • A number of authors have described models for decision-making based on assessment of risks in general. 58, 74, 75 These risks rest upon axioms and assumptions that are not always valid in practice, such as perceptions of cultural differences.
In trying to find a way forward, the following comments on the application of the PP by Feintuck 51 are noteworthy: 'The PP is currently applied as a procedural rather than a substantive device' and 'substantive content and value-orientation' are necessary. Feintuck 51 contended that if the 'PP is devoid of intrinsic values, these may simply be filled by the values of dominant groups'. His conclusion, after studying the development and implementation of the PP, was that it is a 'complex picture of interaction between science, economics, public policy and law' 51(p.377,392) .
Risk governance of GMOs
The European Commission 46 places the burden of determining an acceptable level of risk for society as a judgement of an eminently political responsibility: 'Decision-makers faced with an unacceptable risk, scientific uncertainty and public concerns have a duty to find answers' 46(p4) . Guidance from the European Commission perspective is followed by, for example, the South African regulatory authorities for GMO governance (Table 1) . 44 The International Risk Governance Council -a private, independent, not-for-profit foundation -was established in 2003 to support governments, industries, non-governmental organisations and other organisations to deal with major and global risks and to foster public confidence in risk governance. Debates within the PP protagonist circles focus on the relative importance of substance versus procedure. At the very least, it is important to be in agreement on the importance of procedural steps in instances of great uncertainty about the available evidence, possible consequences, feasible options, long-term effects and minority views. The International Risk Governance Council has developed a framework to assist governments in decision-making on all kinds of risks. 60 The designers of the International Risk Governance Council's framework 60 emphasise the importance of stakeholder participation. This is also elaborated on by a number of proponents of the PP. 37, 43, 76 One can conclude that interaction at different levels is required, but it would have specific challenges.
that we know more than we think, but damaging to pretend too much.
53(p.7)
In summary, Vlek 58 said that the PP is mostly derogated for its general inclination and motivation, its dependence on plausibility reasoning, its lack of comparative risk evaluation, its lack of explicit decision-making considerations, its openness with regard to legal obligations, and its implied shift of the burden of proof of safety.
Decisions from arbitration
Proof of the difficulty in interpretation of the meaning of the PP concept lies in the opinions of jurists who are grappling with it because of its 'philosophical characteristic, inherent uncertainty, and ambiguous and arbitrary nature' 66{p10) . The PP is open ended and undefined, which 'gives regulators almost unlimited discretion to impose restrictions' 66(p.32) . Ultimately, the courts will have to flesh out the principle. 51, 66, 68, 69 The reality is that prevailing social and political values influence to some degree the trend in case law. In legal formulation, UNESCO-COMEST 42(p.22) advises: 'first, the recognition of a value by a society is worthy of protection, and, second, the provision of a legislative tool . The European Commission's arguments apparently rested on concerns by regulators on 'scientific uncertainty', thereby ignoring their own risk assessments. The WTO panel rejected the defendant's arguments (Articles 5.1 and 2.2). The argument that there was 'insufficient scientific evidence' (Article 5.7) was also rejected as the European Commissions' scientific committees indeed reviewed the relevant information and did not question their previous conclusions. Therefore, additional information in this case was not an issue. 'Scientific uncertainty' and 'insufficient scientific evidence' are not the same (SPS Article 5.7). The WTO also concluded that the European Commission had acted inconsistently with its obligation under Annex C (1) (a) and Article 8 because of the undue delay. The European Commission accepted the ruling.
Europe introduced legislation to improve the framework for assessing the application of GM plants and introduced strict labelling and traceability requirements for GMOs in 2003 to accommodate public perception and address fears. An assessment of the WTO panel's decision is not pursued further in this study.
The interpretation of uncertainty, and perhaps consumer perceptions, is further illustrated by the November 2011 ruling of the two highest courts in the European Union -the European Court of Justice and the Conseild'Etat of France -against the French ban on planting of GM Bacillus thuringiensis maize (Bt maize). The ban was based on a European Union 'safeguard clause' and legal provision for 'emergency measures' in case of evidence of serious hazards to human health and the environment. The courts ruled that France did not present any such new evidence to substantiate their ban on Bt maize. France responded by stating that it will reinstate the ban. 71 In South Africa, appeals 72 against several decisions made by the GMO Executive Council on the general release of Bt11 maize, the use of biofortified sorghum for greenhouse studies and planting of cassava field trials, resulted in the Appeal Board ruling in favour of the applicants, although in the latter two cases certain conditions which require more Vlek 58 suggested that the parties involved might do well to attend carefully to the kind of participants, structure, content and process making up the relevant assessment and management strategy. Vlek 58 also warned against 'individual judgements and social decision-making, for example allowing room for prior beliefs and biases, selective information processing, authoritative dominance and groupthink at the cost of minority views' 58(p.535) . In participative, multi-stakeholder situations, these could lead to disputable judgements, decisions and actions. 51 In a democratic political situation, and to improve credibility of risk governance, improved interaction with stakeholders (for example the public, scientists and the owners of the technology) has to be considered. Much more thought will have to go into defining the nature and substance of such interactions. Participation has to be correctly defined, as accountability remains with the regulatory authority. Codex 1 describes an interphase for determination of 'risk assessment policy' as a specific component of risk management interaction among risk managers, risk assessors and stakeholders that governments could consider to improve communication.
Case study: Assessment of endogenous allergens
This case study illustrates some of the complexities with which decision-makers could be confronted in the governance of risks.
Codex's guidance for risk assessment, as a precautionary approach, describes the case-by-case process to be followed in the safety/risk assessment of GMO products (see section on safety assessment of GM crops). Keeping in mind the conclusions from the molecular characterisation, phenotypic and agronomic comparative studies as well as comparative analyses of the nutrients, toxicants and antinutrients would follow. Codex 16 considers that endogenous allergens should be included in the compositional comparative safety assessment. The safety/risk assessments of possible unintended effects of endogenous allergens pose problems, as described in the sections following.
Step: Risk assessment framing
Policy development
A precautionary/risk assessment debate regarding inclusion of endogenous allergens in the safety and risk assessment may proceed as follows.
GM-derived foods are assessed according to regulatory requirements and, if approved for human consumption, different laws of a country may have additional requirements (e.g. labelling of food). Labelling in many countries includes information on the eight food allergens (Box 1). A possible question is: Would it be necessary to include endogenous allergens in the compositional analysis of those eight foods when derived from GMOs when allergenicity labelling is a standard required? Another question could be: What about possible unintended increased levels of the endogenous allergen in these eight allergenic foods? It is difficult to determine the prevalence of allergenicity, as consumers tend to avoid foods to which they are allergic. Although allergenicity to some foods, such as peanuts and tree nuts, could affect up to 1% of the population, none of these foods has been withdrawn from the market. However, some countries do require analysis of these allergenic foods. 20 Another question could be: What about possible unintended increased levels of endogenous allergens in GM-derived food in addition to the eight allergenic foods? This question provokes a number of issues; hypothetically, it is possible for someone to be allergic to any food, processed or raw. A question on concentration levels would be: What level would trigger a tolerance level that could serve as a point for decision-making by regulators? Information that could stimulate more questions is given in Box 1.
Box 1:
Endogenous food allergen information
The prevalence of food allergenicity is unknown, but it is estimated that over 90% of reported food allergies are those to the eight most common allergenspeanuts, soybean, tree nuts, wheat, cow's milk, eggs, fish and crustaceans 77, 78 -which affect up to 3% of adults and up to 6% of infants in the population. 79, 80 Each of the allergenic foods contains multiple allergens. It is not possible to predict who will become allergic and to which foods and which proteins in foods. 81 There are stable and abundant proteins that do not cause allergy as well as moderately abundant proteins that do cause allergy. 82 Sensitivity reactions to the same concentration of allergen vary between mild rashes to anaphylactic shock. 83 There is a wide variation in IgE binding to different varieties of the same species of non-GM crops. 84 Natural variability in plant components is a result of genetics, environmental factors and post-harvest conditions, but the variation in expression of levels of various allergenic proteins has not been documented. Food processing and interactions with the food matrix also affect the allergic potential. 20 Specific serum screening to confirm allergenicity may not be possible for many food allergens because of difficulties in the identification of a sufficient number of donors, cross-reactivity and other problems. 20, 82 The number of sera samples needed is dependent on the required degree of protection to the population. Animal models are in general considered not validated and inconclusive for assessment. 20, 85 Sufficient sensitivity and specificity to guarantee absence of false negative and false positive results are not yet possible. Analytical and profiling techniques or in-vitro protein analysis and proteomics methods need to be assessed for accuracy, sensitivity, specificity and feasibility before being routinely used for allergenicity assessment. 20 Uncertainty in answering these questions because of a lack of sufficient scientific information is illustrated in the following discussion in the case of maize.
Maize -a staple food for many people -is a crop that has been genetically modified to introduce a number of new traits. To better understand the complexity encountered in decision-making, a hypothetical case is made for endogenous allergens of maize. Known allergen information is given in Box 2. A general conclusion from this information is that there are a number of issues that would make it difficult to make a decision of absolute safety unless more information is generated. The shortage of serum donors would be critical in most cases.
Box 2:
Consideration of endogenous allergens in maize
The main allergen in maize, Zea m 14, is a lipid transfer protein -a true panallergen 86, 87 that maintains its structure after cooking at high temperatures. 88 Cross-sensitivity with other fruits and vegetables occurs. 86 Prevalence is unknown. Incidences of allergenicity have been reported from regions in Italy 86 and Mexico. 89 Serum tests would be very difficult to conduct because of the scarcity of allergic consumers. 82 The population in general, has been exposed for many years to fluctuating concentrations because of environmental effects and hybrid variability. Normal variation of lipid transfer protein in maize could be up to 15-fold across genetic and environmental differences. 90 There are more questions and issues. It would only be possible to consider the tolerance levels once the range of endogenous allergen levels has been determined for each crop plant. How sensitive are the tests and what serum sample size is required? What percentage (or concentration) increase above the range of natural biological variation is acceptable? What percentage of the population should be protected?
What levels would cause reactions in patients, from mild to severe? What percentage of severe reactions such as anaphylactic shocks has been documented for the population?
There is also a question on the labelling regime for those GM-derived foods which are not one of the mentioned eight allergenic foods. And should elevated levels of the endogenous allergens be detected, could it be shown that they were explicitly caused by the genetic modification More recently, the results from information accumulated over more than 20 years, as described in this paper, showed no significant differences in the composition of tested components (excluding endogenous allergens) between GM crops and the near-isolines. Furthermore, consumers have been exposed to GM-derived foods through a number of different crop species and traits -all assessed case-by-case -with no adverse effects recorded. These are important observations that regulators should take into consideration.
The final question that a managerial team could ask might be: Does the case under consideration qualify as a situation of serious uncertainty and an irreversible risk? This question may not be easy to answer.
Regulating the assessment of endogenous allergens of GMOs?
Decision-makers are confronted with a number of challenges. A study of the literature on natural allergens and GM crop plant endogenous allergens shows that many questions remain unanswered. It seems that some regulatory authorities are overreacting by asking for more and more information to confirm possible unintended differences between the endogenous allergens of the GMO and its non-GMO near-isoline. Adequacy of the assessment of allergenicity is debated. A school of allergen specialists 81 commenting on the validation of the tests, and particularly availability of serum for testing, contended that the 'extreme precautionary position is not scientifically defensible' 81 . They opined that 'we need to know more about endogenous allergen levels and natural variation and have not seen data that demonstrate an enhanced risk to the consumer, based on the observed variation'. Upregulation of allergen levels is contested by Herman and Ladics 91 . There is no evidence tabled on consumers showing adverse reactions owing to allergens from eating approved GMO products. Therefore, the postulated risk remains a hypothetical one.
Regulatory authorities have to make decisions, while scientists continue to debate at technical level. Before requesting additional studies, policies on risk to consumers should be placed in the broader context of the country's needs. The example shows the need for proactively considering the approach to be followed. These should be included in a risk assessment policy interface that does not exist in many risk governance situations. Consequences for additional precautionary requirements that are not well thought through are far reaching. Knowledge gathered over many years and now assessed, brings new perspectives on the effect of different plant-breeding practices, including genetic modification. The need for assessment of endogenous allergens is under debate. The case study with endogenous allergens illustrates the difficulty decision-makers may experience in implementing Codex guidelines. These guidelines are not compulsory regulatory instruments, but are significant in international trade. New knowledge of the genome and the place of genetic modification compared to traditional plant-breeding technologies, with respect to unintended effects, could influence the outcome of potential international trade disputes.
Conclusions and recommendations
The debate on the PP illustrates the diverse opinions on safety requirements for GM crop plants. Some consider GM crops irreversibly harmful, while others view them as representing only a continuum of existing knowledge and agricultural practices. The key problem with the PP is that it is a normative principle -ill-defined and vague. The rational way forward seems to be that a number of experts, including stakeholders, should be included in a structured way to contribute to policy development and to frame the risk assessment.
Recommendations for South Africa
• A new dispensation in South African risk governance of GMOs should be considered that requires benefits of modern biotechnology (including genetic modification) to be given adequate consideration and applied to the advantage of the population.
• The new Bio-Economy Strategy for South Africa 27 , published in 2013, addresses, inter alia, food security and economic growth as some of the key imperatives. The strategy specifically mentions: identifying 'areas of public policy that can remove barriers' and 'improve cooperation between stakeholders' 27(p.7) . These matters should be investigated with a view to establishing an interface between risk management (decision-making) by the GMO council member departments, the scientific GMO advisory committee and stakeholders. Stakeholders should include the relevant scientific communities, such as specialist agricultural scientists, as the most trusted parties for credibility of information. Socio-economic matters should be proactively considered during this phase of the iterative interactions of risk analysis.
• Development of policy and guidelines on issues of risk assessment is a matter of importance. These include, inter alia, the principle of precaution; consideration of dealing with possible unintended effects from genetic modification; and a policy on new plant-breeding techniques.
Relevance to other countries
A number of countries are in the process of finding a way forward in terms of the regulation of GM crops, and, in so doing, are determining their own approaches to decision-making and the application of the PP. The issues raised in this paper may be useful in their deliberations on the way forward.
